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Description 

This invention relates to covalent conjugates of lipids and oligonucleotides and their use in the 
pharmaceutical, purification, and diagnostic arts. 

Use ot antisense RNA or DNA has proven useful for manipulating eukaryotic gene expression. This 
technique is based on locking the informational flow from ON A to protein via ANA by introduang a 
complementary sequence to a portion of the target rnRNA in the ceil. When ;he digomer is absorbed by 
Ihe calls it can either function in the cytoplasm by blocking translation of the target messenger or, upon 
penetrating the nucleus, interfere with nuclear processing or transcription by Sincing to DNA. In the case of 
viral infection, antisense oligomers may also function by blocking viral replication, depending on the target 
site of the oligomer an the viral genome. Complementary nucleic acids that inactivate gene expression have 
been designated antisense nudeic acids. . • 

Efficient transport of nucleic acids across cell membranes is of great importance for antisense nucleic 
acid technology, as well as in simple transfection experiments. For recsnt reviews of antisense 
oligonucleotides, see van der Krol et a/., BioTechnicues , ft 958 (1388) and Zen. Pharmaceutical flea.. 5: 

Uptake of nucleotides by cells and liposomes is normally an inefficient process due to the high charge 
density of the nucleotide. A number of schemes have been used to improve incorporation efficiency, 
namely, calcium phosphate-mediated gene transfer (Chen, CA and Okayama. H.. B.oTechn.ques 6:632 
Mm use of retroviral vectors (Eglitis, MAef a/., BioTechniques , 6: 60S (1988)). m.cm.n.ecfon (DePam- 
Dhilis ML9( a/.. BioTechniques . 6: 562 (1988)). use of adenovirus vectors (Serkner. K.L. B.oTechn, q ues . 
S- 616 (1988)) elcctroporafion (Andreason, GJ_ and 6/ans, G.A, BioTechniques, S: 650 (1988)). rapd 
aULraS of' D^Jated. gold particles (Christou P. er a/.. P.ant Physio,, 87: WJJ,* 
liposome-mediated gene transfer (Mannino. RJ. and Gculd-Fogerite. S.. Bio . ecnn.ques. 6: 682 (1988)). AJ 
of these methods, however, suffer from one or more problems relating to certuiar toxtcrty .reduction of 
potentially pathogenic viral factors, pcor reproducibility, inconvenience, or inefficiency of ONA ^ er f- 

More recently. ONA covaiently attached to cell receptor ligand proteins, such as that for ep.dermal 
growth factor, was studied as a means to effect cell-speciflc ONA delivery. EP 273.085 published July 6. 
was.' Additionally. DNAs complexed with sugaHysine conjugates (Wu. G.Y. and 

263- 14621 (1988)) and with a positively charged lipid. U.. NK1.(2.3^loleyloxy)p ro pya-.N.N ! N-mmemylarn. 
. SSJrJ^tari. entrapped in a' .iposcme (Feigner. P.L. et al.. Proc. NatJ. Acad. Sri. USA. 84: 7413 (1987)). 
were shown to enhance transfection efficiency. 

Protein-ONA conjugates are found in nature and are Important in viral replication. Vartapetian and 
Bogdanov. A A Prog. Nud. Acid Res. Mol. Biol. . 34: 210 (1987). Non-natural hybrids have been prepared in 
whfch dna is linked to targeting, cleaving, or reporter groups, including peptides, biotm. ^scant dyes 
andEDTA-Fa. Zudcermann et a... J. Am. Chem. Soc . 110: 6592 (1988); Harafcmbidis et *j2gH!E» 
Lett.. 28: 5199 (1987); Connolly, Nud. Acids Res. . 15: 3131 (1987); Agrawal et al.. NucL Ac^ Res 14. 
8227 (TgeB): Smith et al.. Nud. Adds Res.. 13: 2399 (1985): Moser and Dervan. Scenes. 23§- ^ ^ 

Phosphatidyl nucleosides are biosyrrthetic intermediates in the Rpid metaboLsm and a 
derivatives thereof showed interesting biological activities. Shuto. S. er al « ^hem^arm. Bu^. 3§. 209 
0988) (5'-(3- 3 n-ph 0 sphatidyl)nudeosides for antileukemic activity); U.S. Pat No. 4.797.479 .«ued Jan. 10. 
K» et a. (phospholipidnudaoside complex prepared by reading ^*<*f^£* 
nucleoside in the presence of phospholipase D for treatment of tumors): Matsushita. T. et - al.. Cancer Res 
41- 2707 (1981) (nucleoside 5'^iphosphate-L-l J2-dipalmitin derivatives d 1-i-D-arabmofuranosylcytos.ne. 
^-o-arabinofuranosyladenine, and tuberculin for enhancad catabolic stability): Turcotte. J.G et aL 
Btochem Bioohvs Ada 619: 604 (1980) and 619: 619 (i960) (analogs of cytid.ne diphosphate diacyt- 
ggTeSSS ^e 1^0-arabinofuranosy. ™iety for anticancer activity). A ^'^'-^^ 
conjugate was recently reported for application in liposomes. Hashida er al.. Chem. Pharm. Bull.. 38. 3186 

Combinations of ether Hpid analogs and DMA-interactive agents, i.e.. ^fX^NcZl 
ycyclophosphamide. and dsplatin. were found to enhance anti-tumor acbvrty .n an addtrve fash.on. Noseda 

" ^'j^^e^^lTin v/vo therapeutfc purposes, e.g.. in .hich foreign sequences of 
activate adds can be applied to a living organism to cure some defidancies of the cel. metabo sm 
STe Ten deva.oped. For examp.e. Cheng et al.. Nud. Adds Ras.. 11: 65^69 (1983) 
SnstrTct of chlora^nphenicdacetyltransferase gene bound to a 2-macrog.obuBn ™ edj 3T3-4 

cells However, no evidence was provided that the Internalized DNA was capable ot performing a ttwaton m 
Z he* cells EP 273,085. published July 6. 1988. discloses finking a nudeic acid to a cel. homing or 
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mim factor that cremates the penetration of the foreign nucleotides through the cell membrane, but has 
Se spS; r^ng ce« recognition. Such taring facxrs indude lew density 5 pcprot*ns, grow* 

oj^tdecl* bv *>»d »»o« memods was recen* '"^J^^.fS ± 
^^airoraohv 397" 141-151 (1987); Schmidt at at., Nucieosdas ard NucieotiCas. 7. 735-739 (1988). 
-TrroSfme prLit indention to provide a vehicle for intrcducing DMA across cell membranes 

^^^omf QbU to provide a transfer technique for internalization o« active digc- and poly- 
JULTZ. DNA that can hybrid* to mflNA in the cel. and thus inhibit cellular or v,rai 

^iTyet another object to provide an agent that is more stable than DNA-lipid commas and ia^a 
suble t cellular Opases « that the molecule wifl be «J ' nt ° 

membrane^ound intracellular cytoplasmic enzymes to free the drug for use by the cell, 
it •■<» a further abiect to provide a lioosome encapsulating such an agent 

I t L^^eTTbiect to provide an assay for nucleic adds and antibodies incorporating the agent 

SSSole^-" Je sequence suffldentiy complementary to a pathcgcn.0 nuc.ee acd or an 

oncogene to hybridize thereto. 

P t , S 3 n ^S , ri a SEE?- - *— as a ^ «*- - a 

nucleotide sequence capable ot hybridizing to the predetermined sequence; 

M immobilizing the ^^J^So-. «"*' -^ ns ** "° uU <=« hybfWi2ati0n 
sample;, and 

within the oligonucleotide to be separated; 

SigSSoMa of me mix<we me oSaonuclecaw porfen o< me connate; and 

StS'trom the phase containing the mfctura the hybrid otgonudectdes and transporting 
comprgtn^a sal samp* from the human with a .Iposome comprising the connate and a 
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label, said contacting being such that the antibodies bind to the oligonucleotide cn the liposome, so as to 
alter the stability of the liposome; and measuring for the presence or absence of *e label. 

The invention herein revolves around covalent conjugates of lipids and oligonucleotides that contain 
nucleotide sequences of interest or are sufficiently complementary to hybridize a sequences of interest 

s The lipid may act to internalize the nucleic acid sequence chemically ccupled .hereto into host cells, 
typically by andoc/tosis. and is bound to the oligonucleotide through a coupling sufficiently labile that it 
does not repress subsequent biochemical functioning of the oligonucleotide in the cell after internalization. 
In fact, preferably ihe conjugate is a substrata for a cellular eruyme that cleaves the conjugate to release 
the oligonucleotide. The lipid is suitably covalentiy bonded to any moiety on the oligonucleotide, such as an 

to amino group on the base, the hydroxyl group of the phosphate, or a hydroxyl group at the 5' or 3' terminus 
of the oligonucleotide. Preferably, however, it is bonded to the 5' hydroxyl group thereof. 

Of particular interest herein are conjugates containing a cleavage site within the lipid or representing the 
covalent bond between the lipid and oligonucleotide that is specifically recognized by an enzyme 
endogenous to a host cell to which the conjugate is targeted. Thus, cleavage at the site will break the bond 

is or hydrolyze the lipid so as to render the conjugate more water soluble. Preferably the cleavage site is 
susceptible to enzyme hydrolysis. Also preferred is that the enzyme is located at a cellular or nuclear 
membrane or is in the cytoplasm of a cell. 

The most preferred lipids herein are phospholipids, where the enzyme that recognizes the cleavage site 
is a lipase preferably a phospholipase. Also, preferably, the cleavage site is the bond between the 5'- 

20 hydroxyl oxygen atom of the oligonucleotide and the phosphorus atorn (in the casa of phospholipase D) or 
the bond between the oxygen atom on the glycerol side and the phosphorus atom (in the case o 
phospholipase C>. PhosphoBpase C and 0 are ubiquitous membrane-bound cytoplasmic enzymes that 
catalyze the hydrolysis of certain phosphoester bonds, thereby cleaving the conjugate and releasing the 
oligonucleotide into the cytoplasm. For a review of phospholipases. see Dennis. EA in "The Enzymes, 

25 Vol XVI (New York: Academic Press. Inc. 1983). p. 307-353). It is preferred to maximize cleavage by 
phospholipase C or D rather than other lipases that cleave fatty acids so as to leave lipid residue on the 

oligonucleotide. . , 

Suitable phospholipids herein include. e.g.. phosphoglycerides. plasminogens, and other phosphatide 

adds, sphingomyelin, and 3'-0-aminoacyl phosphatidyl glycerol. 

M The "oligonucleotide' portion of the conjugate refers to a molecule comprised of two or more 
deoxyribonucleotldes or ribonucleotides that has a nucleotide sequence that is either of interest or 
sufficiently complementary to hybridize to a nucleotide sequence of Interest The oligonucleotide is typically 
one that Is capable of performing a biocnemlcal function In receptor host calls and/or altering the operation 
of the cell machinery. Its exact size will depend on many factors, which in turn depend on the ultimate 

as function or use of the oligonucleotide. For example, if ihe oligonucleotide is to be used as an antisense 
oligomer, to ensure specificity thereof, the sequence must be unique in the mRNA population, and 
complementary to the target RNA. 

It has been calculated that a chain length of 14 nucleotides may be sufficient to define the sequence 
specificity of oligonucleotides. See Ts'O. «sc a/.. -Biological Approaches to the Controlled Delivery of Drugs 

« Vol 507 Ann. N.Y-Acad. Sciences. 1987. Increasing the length of the oligonucleotide increases stability of 
the duplex formed and thus its inhibitory effect. On the other hand, very long oligomers can interact with 
two or more mRNAs through base pairing involving only 5-10 contiguous bases within the sequence of the 
diconucleotide. thus lowering the specificity of the oligonucleotide. For general use. the oligonucleotide 
contains at least five bases, more preferably, from about five to about thirty bases, and most prererably 

4S from about fourteen to about twenty-five bases. 

The oligonucleotides herein are selected either to contain, or to be sufRcently complementary to 
hybridize to. the nucleotide sequence of interest Therefore, the oligonucleotide sequence need not reflect 
the exact sequence of the nucleotide sequence of interest For example, a norvcomplementary nucleotide 
fraqment may be attached to the 5' end of the oligonucleotide, with the remainder of the sequence being 

so complementary to the nucleotide strand of interest. Alternatively, non-complementary bases or longer 
sequences can be interspersed into the oligonucleotide, provided that its sequence be capable of 
hvbridizinq to the target nucleic acid. 

For ourposes herein, the term -oligonucleotide" also includes oligonucleotides having modifications of 
the sugar-phosphodiester backbone to reduce their sensitivity to cellular nucleases and increase absorption 

„ by me cel. as needed. One example is methylphosphonates wherein one of the oxygen atoms is substituted 
bv a methyl group to result in four different subsftuents on the phosphorus atom, as disclosed by van der 
Krol et al supra In Table i. Oligomer methylphosphonates directed against HSV-1 Immediate early 
mRNA-4 and -5 were found to prevent expression of herpetic lesions when applied in the form of cream to 
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20 



mm HSV-infecfcd ear of a mouse and ware not toxic to mica when injected intravenously in concentrations 
J^tSTX w^Qht Mn.ec .r a/.. Arrt-Cancer Drug Design. 2: nT-,28 (19871; WO etaLsup^ 
tZ^^ZrorZtss have been found to be potent inhibitors of v.ral pmUferatton. p^uUrfy HW. 
ifT^T L Nat.. Acad. ScL. U.SA. 84: 7706-7710 (1987); Agrawat et a/.. Prcc NatL Acad. So . 

" ^-deJn^-oSnucieot^- aiso indudes those with a cova*n«y HnKed <^em *s*es the 
lipid ^ Ureases affinity or the complementary sequence. For example, coupling of l»*£^J » «" 
ytdlfTXnse VSV oligonudeclide may be employed to '^^J^^' ^ .\ 
*J«MNo» oligomer may be coupled to a polyene) to lower me effectrve dose In add*cn.a 

«h J^ihrollne-Cufn or porprtyrln-Fe(ir). Such compounds generate hydroxyl radicals In the P"^™- o 
Sr^S a agent and deave the complementary strand following attack on the large 

r^d^one, in add-on a photccrosstinking agent can be attached to the oUgomer. such as a 
psoralen derivative, azJdophenacyl, and proflavine. 

Preferably the lipid is a gryceride or glyceryl ether of the formula 



38 




30 



wherein Ffe Ra and FU are independently selected from H. C,-C 3 o alcyi. C2-C30 mcno-, or polyunsat- 
£^c£i«yl * mono-, dh or po^unsaturated cydoaflcyl group and X r. 0 or -0.CO- 
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Preferably the oligonucleotide moiety is selected from 
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where B is a deprotected base, p is an integer from about 5 to 30. q and r are integers from about 1 to 28. 
provided that r + q is from about 4 to 29. s and t are integers from 0 to about 29, prov.ded that s * t is 
from about 4 to 29. E is X or ZX. and D is selected from the group consisting of (where the bond from the 
M nng nitrogens is attached to the sugar moiety of the oligonucleotide): * 
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The terms "aikyr and -cydoalkyP as used herein refer to both straight-chain and branched aikyl 
groups ad cycloalkyl groups with straight-cMain or branched alkyl groups pending from the ring. -Mono-, di- 
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and Dolvunsaturated- alkyl. cydoalkyl, or alkylene (divalent alkyl) moieties refer to hydrocarbons thai 
contain one or more cartMrwarOon double or triple txnds anywhere along their chain. Examples of 
compounds that may provide unsaturated cyclic or acyclic moieties include terpenes. such as phytci. 
geraniol. limonene. famesol. and squalene. vitamins, such as vitamins A. 0. and K. and /i-carctene. and 

P,0 ? S a!e n ?S is a steroid moiety, preferably it is a sterol, and mere preferably a sterol linked to the 
oligonucleotide through the hydroxy! group (either as an ether or ester) at its C. position. Examples of 
suftable steroids include cholesterol, lanostercl. a phytosterol. or a mycosterol such as. e.g.. ergosteroL 
« the oligonucleotide is connected off the N-base, it is preferably off the N6 of an adenine residue or 

the N4 of a cytosine residue. . „ _ , 

If it is desired to provide oligonucleotides containing intercalating bases that are stencalty connned so 
a, to inactivate translation^ the targeted strand, at least one ofjhe bases is a ^tantiaWy 
The oligonucleotides so derivatteed hybridize to their complementary RNA or ONA strand, the modified 
nucleoside remaining unpaired but nonetheless intercalated between adjacent base ears m the duptax « a 
precisely stercchemicaOy defined manner. In fight of the precise stenc largetmg made imMM* 
Lentlon. the intercalating moiety may be substituted with a reactive group capable of coyatarnty mcdtfylng 
a predetermined site in the complementary domain. Such reactive groups include eodintang agerrtsand 
phosphate bond cleaving agents. These reactive groups are sterically confined and less Ukely to interact 
with cellular components or nucleic acid at sites other than the target complementary sequence. 

T^e p^iraM^ substantially planar" in this context means that the steric bulk of the group Oes 
substantially within an envelope approximating the steric gap bounded by the sugar ^ Mii« 
S^Tprcscnt in a complementary nucleic acid strand. In general, this envelope has dimensions of about 
30-50 Angstroms in width and depth and about 3-7 Angstroms in thickness. An example mdudes a 
nucleoside having the structure: 
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wherein Rj-is an aromatic polycycle. Y is C or N, Rr is H or =C(R,)-..R. and R» are H or a halogen, nfcro 
S hydro^l. or alkyletrW group wherein the.alkyl group has 1 to 10 carbon atoms, and Ra >s a 

^ 3? S Sices of interest indude mRNA and ONA. ar* may be pr^nt in ruction 
enryme digests or other fragments of nudeic adds. e.g.. restriction fragment ^.P 0 *""^?" 

T?e nucleic acid or adds may be obtained from any source, for example from «*» 
PBR322, from cloned ONA or RNA, or from natural ONA or RNA from any source, .ndudmg ^"-V"* 
v^seTand higher organisms such as plants or animals. For ^^'^^Z^m 
oligonucleotides should be selected so as to have an effident and specrfic mteracjon 
an efficient cellular uptake and compartmentalization of the oligonudeotde. and suffiaent stability m the 

-y contain a sequence ~^^<TSEZ£ 
protein e-g! pathogenic proteins, such as those responsible for viral infoctons, including AIDS 
Sftoi ^?obin. and the like. Further, other nucleic acids that encode no protein may be of .merest, 
e o transcription or translation control domains or sequences useful in forensic medicine. 

IvS Srally the conjugates herein have utility as agents for the antisensa inhibition of transition of 
•JTtSJ add T S?ch utilities have already been explored extensively with other anfsense 
o^— (^vitl. st «. sapr, and WO 8*01*1 published , Apnl * « ^£ 
aVLnudeofldes herein will be used in substantially the same fashion, using a rational. s P oanc . de = 9 " 
ZZ2%£Z££ ^d secondary structure information of the target RNA or ONA. keeping , .n mjndM 
£ra£y^ tertiary structures in the antlsense RNA may Influence the extent cr rate of hybridb^o" 
?or mTusVthe oligonucleotide has a nudeotide sequence capable of hybridising to a pathogenic nucleic 
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acid or an oncogene, more preferably viral or parasitic nucleic acid infecting a plant, sue* as a vegetable 
plane animal, such as domestic, sports, and farm animals, a. g.. dogs. cats. cows, and pigs: or human. For 
example antisense oligonucleotides, either modified or unmodified, can be used to inhibit viral infections of 
Rous sarcoma virus, vesicular stomatitis virus, type A influenza virus, herpes simplex virus, human 
immunodeficiency virus, and plant viruses such as potato virus X coat protein gene and cucumber mosaic 
virus coat protem gene, to inhibit parasitic. e.g. malarial, infections, and to redura expression of protc- 
oncocene c-mvc (for leukemia treatment), simian sarcoma virus. 4-globin. and ji-lubulin genes. Examples of 
published viraTsaquences that nave inhibitory effects include those against Rous sarcoma virus (Zamecnik 
and Stephenson. Proc. Nad. Acad. Sc.. U.S.A.. 75: 280-284 (1978); Stephenson and Zamecnik. Proc. Natl. 
Acad Sci USA 75- 285-288 (1978)). those against human T-cell lymphotropic virus type III (Zamecnik st 
al Proc N atl Ac ad" Sci. U.SA. S3: 4143-4146 (1986): WO 87/07300 published Dec. 3. 1987). and those 
against herpes simplex vinjs type 1 (Smith at al.. Proc. NatL Acad. Sci. U.SA, 83: 2787-2791 (1S86)). 

Included within the definition of useful oligonucleotides for inactivating pathogenic nudeic acids are 
oltaonucleoside alkyl- or arylphosphonate analogues complementary to the target pathogenic sequenca and 
including a functional group that reacts with the target nucleic acid to render it inactive or nonfunctional. 
These derivatives are described in EP 268.QS9 published May 4. 1968. 

In other embodiments, the oligonucleotide has a nucleotide sequence representing, or capable of 
hybridizing to. a cleavage sits specifically recognized by an enzyme endogenous to a hest cell to which the 
conjugate is targeted. For example, the oligonucleotide may encompass a sequence recognized by the 
RNase-H enzyme. This enzyme cleaves the RNA part of an RNA/DNA hybrid in vivo, resulting .n 
subsequent degradation of the mHNA. Thus, the effect of the antisense oligomer can be catalytically 
enhanced by RNase-H activity. . 

Since the splice junctions of pre-mRNAs interact with the RNAs of small ribonucleoprote.n particles that 
mediate the splicing process, these regions of the messenger are ideal targets for complementary 
oligomers. Thus, the invention herein includes antisense DNA or their analogs directed against splice- 
iunction sites, especially when such antisense DNA has been found to be effective in inhibiting proliferation 
0 "SS (Agrawal It a/.. Proc. Nad. Acad. Sci. U.SA. 85: 7079-7083 (1988)). HSV (Smith er a/.. P^atL 
Acad Sci U SA 83: 2787-2791 (1986)). or synthesis of SV 40 large T antigen (Verspieren et at.. Gene. 
ST 307-31 5 (ig87))Tln addition, the invention is directed to complementary oligomers that are designed to 
interact with the cap site or the initiation codon region on the mRNA. Also, it has been shown that antisense 
oligomers blocking the ribosome attachment site are very effective for this purpose. 

The oligonucleotides herein are suitably prepared using conventional methods such as. for examp e the 
pnospnotriester or pnosphodlester methods described by Narang. SA et at.. Mam. Enzymol., 68: 90 (1979) 
and Brown EL er al., Meth. Enzymol- 68: 109 (1979). respectively, or automated embodmients thereof. In 
one such automated ambediment. phosphcramidiles are used as starting materials and may bo synthesued 
as described by Beaucage of al.. Tetrahedron Letters. 22: 1859-1882 (1981). One method for synfteszmg 
SgonSeotdes" on a modified sol id support is describ edin U.S. Pat. No. 4.458.06B. issued July 3. 1984. 
is also possible to use an oligonucleotide that has been isolated from a biological source, such as a 

restriction endonudease digest . alh ..,„,, 

The conjugates are prepared by any suitable technique. For example. H-phosphonate me hodolcgy 
may be used to synthesize phospholipid conjugates, as described by Lindh and Stawinki. J. Nucleic Acds 
Res Svmo Ser. No. 18. 18S (1987). Synthesis of the same compounds is also accomplished using 
phospho^iditoohemistry as described in Beaucage and Caruthers. T^^1«Wg 
McBride and Caruthers. Tetrahedron Lett . 245 (1983). The main advantage of us.ng the H-phosphonate 
methodology is the flexibility in the oxidation procedure. When the oxidation is earned out with i carbon 
tetrachloride in the presence of amines, phosphoroamidates are available, whereas ox.dat.on with sulfur 
leads to phosphorothioate analogs, and carbon tetrachloride in the presence of alcohols produces phos- 
phate triesters. Froehler. TejrahedronJ^. 27: 5575 (1986). 

Chemical attachment of lipids to oligodeoxynuclootJdcs by the standard solid support DNA synthesis 
orotocol can be employed for lipids that are normally stable to the deblocking conditions. i.e concentrated 
SSJt* lipids Include ether lipids or amide lipids, including triglycerides and sterols that con tai n 
L^ide functionalities in their backbone. Fatty add derived lipids that contain aste, ^ »"^Vof Thu 
normally be stable to such conditions. The latter lipids can be conjugated by using the method d ^Chu et 
* mcl Acids. Res. , ii: 6513-3529 (1983). This method requires that the lipid contain a free pnm»yc* 
sec ondary amino grou p~The lipid may already contain such an amino group in a side chain as, e.g.. in i the 
Ss" of Shatfdy. ethanolamine. phosphatidyl 3'-0-aminoac y . glycerol, and phosphat, dyl serine, it 
mty be derivadzed to contain such an amino group. Using the Chu er at. method, the amlnolip.d Is coupled 
to an ollgomer-5'-phosphate so as to produce lipid oligonucleotide conjugates. Also, phospholipids may be 
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suMly bonded to oligonucleotides eroymabcally using onospbolipase 0. as Has been reported for me 
.JT^ tSnsTectton Lr.es merely contacting me cells «* me ccn,uga» as 3, use of semng at 

condition. B^Ptef 01 J""' marnma . to be treated may fce any mammalian speces 

"sTLCr^^S^ pnmalea. - see* c p. arfm*. . - as — 

The coniugate a adrwrwtered^ooie cener^oy y^ atomism**, will depend. <*. 

intravenous, intraarterial and ^^^^mulated and dosed in a fashion consistent with 

JiSSTSSi l^^Zctl^c* of the. MttU P^ent *e cause of the 
good med.cal practce^ -mo aa ^ ^ method Qf aaaAnaMlont the 

SUofXn^^ ^wn to pr^oners, Tne 'e«ec*e ^ for pu*oses 

herein is thus determ^ed^ ^cunt of the conjugate administered 

As a general proportion, the total pharmac m ^ « ^ weight, 
parenteral* per dose w,« be in the range dh *out **^ on . jhe key factor in 

of the reapient. The conjugate is preparea * y am . niflnt - or stabilizers. Such materials 

d«red decree o, pun^* , me «a,er 

S^E. oTpEO. . T-e«n «. * - «- - £££ '^^^lo. moiecuia, 

Optionally other ingredients ma, be added such as ^^'±^1^,-, „ serum 
weionl man aoou, » residues, ^tTiSrSrCS" «*»• »* 
sltumin. gelatin, or Immunoglobulins; *<^J« !"2 n £,£ oSchandea. and omer carbon,- 

sr^r^T^^ — « — - - 

and sugar alcohols such as mannitol or sorbitol. accomplished 
alkaline earths (e.g., sodium or magnesium). ™'^™J£j£^L lactlc tan3 rlc, malic. 
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benzenesulfonic. and p-toluenesulfcnic acids; and inorganic acids such as hydrochloric, sulfuric, phosphonc, 
and sulfamic adds. Physiologically acceptable salts of a compound having a hydroxy group include the 
anion of said compound in combination with a suitable cation such as Ma*. NH*-. and NX- (wherein X .s a 
Ci -* alkyt group). 

Therapeutic conjugate compositions generally are placad into a container having a sterile access port, 
for example, an intravenous solution dag or vial having a stopper pierceabie by a hypodermic .njeC.cn 

needle 

The conjugates herein are also suitably administered by sustained release systems. Suitable examples 
of sustained release compositions include semi-permeable polymer matrices in the form of shaped arodes. 
eg films, or microcapsules. Sustained release matrices include polylactides (US. Pat No. 3.773.919. EP 
53 481). copolymers of (.-glutamic acid and gamm»ethyM.-glutamate <U. Sidman at al.. Biocolymers. j| 
547-555 (1983)). poly(2-hydroxyethyl methacrylate) (R. Langer et al.. J. Bicmed. Mater. Res.. 15: 167-277 
(1981). and R. Langer. Chcm. Tech. . 12: 98-105 (1982)). ethylene vinyl acetate (R. Langer et aL. Id.) or 
ooly-0-(-)-3-hydroxybutyric acid (E? 133.988). 

Sustained release conjugate formulations also indude liposomally entrapped conjugates. Such systems 
have the advantage that biologically active material can be Introduced Into tissues by phagocytosis, 
especially into tissues of the reticuloendothelial system. Liposomes containing conjugates : »i PWWjdby 
methods known per se. including: OE 3.218.121; Epstein et al.. Proc. Natl Acad. So. U.S.A, 82: 3688-3692 
M98SV Hwang eTaT Proc. Natl. Acad. Sci. U.SA. 77: 4030-4034 (1980); G. Gregcnadis. Uposom| 
zo SC vcl ■ inc orporation of Drugs. Prot eins, and Genetic Materia,. CRC Press. 1984; EP 52.322: EP 
36 376- EP 88,046; EP 143,949: EP 142.841; Japanese Pat Appln. 83-118008; US. Pat Nos. 4.485.045; 
± 774 oss- and 4 544 545- and EP 10Z324. In addition, the liposome may be antibody-coated for increase in 
u£ke by' the ceils, as taught by Wang and Huang. Proc. Natl. Acad. Sci. U.SA, 84: 7851-7855 (1 987) The 
liposomes obtained can be stored in the aqueous phase up to several weeks or months after addrtion of 

25 stabilizers, for example, lactose. , 
The size of the liposomes formed depends, for example, on the structure of the active .ngred.ent and 
the lipid component, the mixing ratio of the lipid components, and the concentration of these component i in 
the aqueous dispersion. Thus, for example, by Increasing or reducing the concentration of the lipid 
component it is possible to produce aqueous phases having a high content of small or large bposon»s. 
Ordinarily, the liposomes are of the small (about 200-800 Angstroms) unilamellar type in wh,ch the lipid 
content I greater than about 30 mol. percent cholesterol, the selected proportion being adjusted for the 

orrfrnaimerapy^ ^.^^ ^ , lposome<onaining ^ous dispersion is suitably mixed with 
customary thickeners, for example, hydroxypropylcelluiose. suitable preservatives, and arrtoxjda^^and 
can be used in the form of a lotion or gel for application to the ski.* or mucous membranes. For 
use. the aqueous dispersion of the enriched liposomes can be suspended in a suitable earner hquid. for 
example, sterile, calcium free, isotonic sodium chloride or glucose solution, optionally buffered to pH 72. 

?A It is estimated that the dose to be applied to a human of about 70 kg weight vriU range I tarn about 200 
mg to , g of liposomes containing about 0.1 to 500 mg of entrapped conjugate mspertvely. However .tine 
highest and lowest dose of the encapsulated material, the concentration of the phcaphol.p.ds ,n tow*** 
Sl as well as the proportions of the encapsulating phospholipids, can be vaned acccrdmg to ^esufts to 
be^abl^hed experimentally in clinical trials, the -effective amount" being thereby tied to the therapeutic 

f8 ^The 3 lip^maf pharmaceutical administration system making use of the present invention may consist 
of a kit of parts set comprising vials or bottles containing the phospholipids and conjugates. 

If the antisense oligomer is to be used for cancer treatment the conjugate therapy may be useful ,n 
conjunction with conventional chemotherapeutic agents, such as S-fluorouracil. if I he »^<*£^ 
to be used for AIDS treatment, the conjugate therapy may bo useful m conjunction with AZT, CD 4. and 

M ^r^^i^^ gnostic purpose, it is label* ? a suitab , label moie^. 
typically the oligonucleotide being labeled. Suitable labels indude radioactive labels such as P I. 
or the L and non-radioactive labels such as, for example, biotin. thyroxine, enzymes such as hydrolases 
or peroSas^ or phosphatases, and various chemiluminescers such as luciferin. or fluorescent compounds 

55 such as fluorescein and its derivatives. hauinn a 

One diagnostic technique in which labeled conjugates are useful is .n assays for nucleic acting a 
predetermined nucleotide sequence in a sample relying on Immobiliza ^ * ^^^^^ 
solid support immobilizing the probe on a hydrophobic surface through the fip.d moiety allows the 
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,• _ » ha more accessible to hybiidiaation man it is using, a*. Southern blots or dot Mots. 

ccmugate »«•"» ™*« to hMrtaun are well known ind include those 

SSLS S^SS- <H- V.* Co* Spri,* Harbc l™ 
SS? Typically a<W such l^bndraanon ma support is -asned to re™™ ncn-hyondm™, mater* and 

conl^ J Sic *d to be aLyed. Thus. Ws term includes (hiids »=n „ nunta^r ansnal bod, 
uLi ' 30T 22-36 (1 982)1 may be employed it me disease is sickle cell anemia. 

tliat is substantially complementary to a sonuonco con™ olicorudeolids on a solid support 

„ In one such usa. ito (pid at M con,ugata ,s used to ,rnnob,tao me Hydrophobic 

containing a MM ^^^StSi^^S^S^ - Ca * 

rp^sH:^^^ 
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than be recovered from the column by washing it with acetonitrile or other organic solvent 

In another such use of this method to separate nudeic acids the lipid portion of the conjugate is used 
for transporting the complementary target nucleic acid through a water-non-misdble phase. Thus, the 
conjugate having a nucleotide sequence capable of hybridizing to a sequence contained within the 
oligonucleotide to be separated, is provided in a hydrophobic phase, such as ocanol, in a su.table vessel 
for extraction and transfer from an organic phase to an aqueous phase, sua as a U-tube. likew.se. the 
mixture containing the target nucleic acid is provided in a hydrophiJic phase such as water in the vessel. 
The vessel also contains an aqueous phase wilhout any nucleic acids, preferably pure water, into which the 
desired nucleic acid is transferred. The conjugate is partially soluble in both the aqueous and hydrophobic 
phases and its oligonucleotide portion would hybridize to the target strand, under suitable hybndizmg 
conditions, and would then transport that strand through the hydrophobic phase into the pure hydrophilic 
phase. This procedure represents in effect a specific selective ONA extraction method. 

The invention will be more fully understood by reference to the following examples. They should not 
however, be construed as limiting the scape of the invention. 

EXAMPLE I 

Preparation and Purification of Conjugate 

A. Preparation of Lipid Salt ' 

1 2-dhO-hexadccylf ac-glycerol (Sigma) in an amount of 342 mg (0.S3 mmol) was evaporated from 
pyridine twice and thanlissolved in 3 ml of pyridine and methylene chloride (1:1). After the flask was f.lled 
wrth arson, the solution, white being stirred at room temperature, was treated with van Boom's reagent (1.25 
M solution in dloxane. 0.52 ml) (Marugg at at. Tetrahedron Lett , 27: 2661 (1986)). When the reaction was 
complete (as determined by thin layer chromatography using EM silica gel 60 F 2S 4. pre-coated plates 
visualized with an acidic molybdenum stain where the starting material has an R, of 0.53 and the product 
has an R, of 0.24) the solution was diluted with methylene chloride (10 ml) and then shaken with several 
portions of aqueous triethylammonium bicarbonate (TEAB; 1 M). The organic layer was dned over 
anhydrous sodium sulfate, filtered, and evaporated in vacuo. Column chromatography performed wrth EM 
silica geWO (70-230 mesh) using SiOi. 5-20% methanol/methylene chloride with 1% added triethylamine 
followed by 1% acetic add in place of triethylamine) followed by additional extractions of the purest 
fractions with I M TEAB afforded l^-dl-O-hexadecyl-rac-glycero-3-H phosphanate as an off-white 

triethylammonium salt (76% yield). 

<H NMfl spectra were obtained using a Varian VXR-300S spectrometer and were recorded as ppm (d) 
using TMS as an internal standard. The results are 'H NMR (d): 6.86 (d. J = 816 Hz H-P); 3i3C I (dd J = 
4.2 and 7.7 Hz. H a C-OP): 3.60-3.40 (m. 7 H. HaC-O-HC-HjC-O-^C); 2^2 (qua. J = 7.2 !Hz 6H. (^Qa-N). 
1 J4 (m. 4 H. 2(C-H,C-C,); 1-25 (bs, 28 H); 1.19 (t. J = 7.2 Hz. 9 H. (H 3 C-C),-N); 0.87 (bt J - 6.3 Hz. 6H. 
2<HjC-C,j)." 

8. Preparation of Conjugate 

The synthesis of polymer-bound nucleotide H-phosphcnates was performed on a Biosearch Model 4000 
DMA synthesizer using a derivatized controlled-pore glass as the support in the method described in 
Froehler. B.C. and Matteucci. M.D.. Tetrahedron Lett . 27: 469 (1986); Froehler. B.C. et a/.. Nud. Ac,ds 
Res 14- S399 (1986); Froehler. B.C. and Matteucd. M.D.. & Nudeotides . 6: 287 (1987); Garegg PJ. at aJ 
TefrahTdron Lett.. 27: 4051 (1986). Detritylation of the oligodeoxynucleotide afforded a free 5 hydroxyl 
croup suitable for conjugation with the lipid hydrogen phosphonate product of section A. This product was 
dissolved (25 mg/ml) in pyricino/acetonitrile (1:1) and conjugated with the p^rymer-bound oligodeox- 
ynucleotide using pivaloyt chloride as the activating agent under the coupling conditions desajb^d ,n One 
above references. Doubling the final coupling time and/or repetition of the coupling cycle had httle apparent 
effect on the yield or purity of the products. The compounds prepared were: EL-T, a ; EL-AGCTAGCT, cu- 
SaGCTTTTTAGCTAGCT; EL-CAGTGATGTGT; EL-ACACATCACTG. in which EL represents 1.2-di-O- 
hexadecyM-glycerylphosphate bound to the 5' hydroxyl group of the DNA. 

After deavage and deprotection using the methods in the above references, the products were 
analyzed using thin-layer chromatography, polyacrylamide gel electrophoresis, RP-HPLC. and enzymatic 
degradation. 



15 



EP 0 462 145 B1 



IQ 



15 



26 



SO 



25 



C Polyacrylamide gel electrophoresis 

measure of lipid incorporation. 
0. Thin-iayer chromatography 

M .iutf«d TLC olates (SiC nPrOHxonc. aq. NH*GH:H,0 55:10:35) and 

Using the propanol/ammonia/water eluant ^ °™ ^ 9 OTrMD0nding t0 EL-DNA. ONA. 

a pot, The crude synthetic ^"'^ foV and stain) in 4 cases 

^ sometimes a tn** ^^J^SX norma, oligomers ran lust above or iust below the 

SE - • • unMed minor sp9t) - 

& Reverse-phase HPLC 

BP-HPLC waa p.-*™* using a wa»« ° ^£ ZZ^Z'^^^ 

Suaon « «a aqueous TEAP BinW *■ ' m each readlon I**' «" 

»„„ *, amall .noun, of ' ^.T" tang*. * «•* " "T' 

condilions. ONA lacking in. *>d * , sl X ones. Following am aluHon data lor the fhn 

^AGtIaTSTST <»»« EL-AC 

ACATCACTG (64%): EL-T,. (65W: ^^^S^SLate. Using TEAP buffer «9H an acafonitnla 
Thia ttchniflu. gm *o moar data, tod J™*^"* 1 ™^, ^T mmrf at.ly otmoua. In every case, 
gnadent *e preaenc. "SSISLtJi- **. * *- — *J 

: Rf. purple-staining TLC spots were identical. 
F. Enzymatic Digestion 

c> nwi rPL CAGTGATGTGT) was carried cut by enzymatic digestion 
Further characterization of ono EL-DNA ( E ^ CAG /f AT ^ ^ ' ' Q , ^ nearly complete hydrolysis of 
, SnaKe venom phosphodiesterase ^^^^^t^SS^ spleen phosphodiesterase 
the ONA backbone (36'C. 30 nun.. 5 I mM Tns, pH 8 iu ™ " " H a 10 mM MgC l 2 ). These 
(Sl gma). however, .eft the ''P^^J £ £ ^Tgr^p TaTthe 3' terminus but is blocked at the 
results are as expected for a DNA that ^^J™ a substrate for both phospholipase C (Sigma. 
5' end. EL-CAGTGATGTGT was found to be ' "^^^.^ standa rd conditions (100 mM Tris. 



each of the enzymes 
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Q. Thermal Denaturation Profile 



10 



Samples containing normal ONA (CAGTGATGTGT/ACACA TCACTG), =L-CNA ( EL-CAGTG ATGTGT/E L- 
ACACATC ACTG) . or a mixture of ONA/EL-ONA (EL-CAGTGATGTGT/ACACATCACTG and CAGT- 
GATGTGT'EL-ACACATCACTG) in 1 ml of buffer (100 mM NaCI. 10 mM NajHPa, 1 mM EDTA. pH 72; 
each strand 2 tiM) were placad in a masked Km cuvette. All the samples were desalted (SEP-Pak C-i8 
minkqlumn) HPLC-purified material. The insulated ceil compartment was warmed from 10 to 80 -C in 1 'C 
increments wilh equilifaralion for 1 min. after attaining each lemperature. UV acsorbanca at 260 nm was 
recorded automatically as a function of temperature. 

The T„s for EL-CAGTGATGTGT/ACACATCACTG (33 «Q and CAGTGATGTGT/EL-ACACA TCACTG 
(33 -C) were decreased relative to that of the normal duplex CAGTGATGTGT/ACACATCACTG (41 -Q. 
There have been a number of reports of T„ decreases for ONA-ligand conjugates. See. for example, Kempe 
et at Nuc l Acids Res. . 13: 45 (1985). The varying degree of T m depression may simply reflect me 
differences in GC vs. AT content at the lipid-bearing end of each duplex. More interesting is thai with lipd 
on both DNA strands (EL-CAGTGATGTGT/EL-ACACATCACTG; T m 50 -Q the T m is markedly higher than 
for llpid-free ONA. These results may Indicate the formation of some higher-order lipid structures when lipid 
is present at each end of the duplex that are not accessible to duplexes bearing only a single lipid. 
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EXAMPLE II 

Transection Assay of Conjugate 



It is Known that NIH/3T3 mouse fibroblasts can be transformed by ras oncogenes using calcium 
chloride transection (see Graham and Van der Eb, Virology . 52: 45*467 (1873) and Wigler et aL. f^c. 
Natl. Acad. Sci. U.S.A., 76: 1373-1375 (1979)). The transformed cells form foci of refringent cells that nave 
lost contact inhibition and can grow in athymic mice. . . . _ . . 

In this prophetic example, the human ras oncogene (isolated from a plasmid. for example) is covalentry 
coupled to a phospholipid by any of the techniques described above, Including nitrogen linkage, or 
preferably is ligated to a lipid-oligonucleotide conjugate. In the latter case, a linker is constructed that is 
complementary to and spans the 3" end of the oligonucleotide of the conjugate to the 5" end of the human 
ras oncogene (which is contained in a linearized plasmid). This oligonucleotide portion of the conjugate, the 
iSker. and the linearized plasmid are phosphorylated by standard kinase techniques and ligated together 

MI CorthIert monolayers of NIH/3T3 cells are washed twice with Duibecco's Modified Eagle's medium 
(DMEM) without serum and incubated in this DMEM medium for four hours. Then, one of the Gp.d-rg| 
conjugates is added to the medium and allowed to incubate for three hours at 37 -C. Complete DMEM 
medium with 10% fetal calf serum is then added to the Petri dish, in an amount of 10:1 fvrV). and allowed to 
stand overnight at 37 -C. The next day the cells are split in 1/20. 1/40. and 1/80 dilutions and left grow.ng 
for 17 days, after which the foci are scored. . . 

The ras oncogene can be internalized into the cell, brought to the nucleus, and expressed to yield the 
ras oncogTne product, showing that the conjugates can transform NIH/3T3 cells in a stable 
— in summary, the present invention is directed to conjugates of oligonucleotides and l.p.ds to transport- 
ing targeting and internalizing the oligonucleotides to and within appropriate cells, generally by en- 
docytosl After internalization, the conjugate is deaved. for example, by cellular lipases that recognize an 
appropriate cleavage site on the conjugate. Thus, the conjugate herein suitably acts as a cytospecific drug 
«pable of specific delivery to a cell of an oligomer expressing a polypeptide hav.ng vanous types o 
acLes, for example, therapeutic, prophylactic, antiviral, cytotoxic etc. In addibon, the oligomer may affect 
the regulatory mechanism of the cell, complement a genetic defect, or serve as a marker. 
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A covalent conjugate of a . lipid and an oligonucleotide, or a pharmacautically acceptable salt thereof 
wherein the lipid is covalently linked through phosphate to the 5'- end of the chgonucleotide. and is 
from steroids, giycerides and glyceryl ethers; with the proviso that the connate « not 
nonattiymidyluridine modified at the 5'-phosphate with cholesterol. 
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a. A conjugate or salt according to daim 1 wherein the lipid is a glycerlde or glyceryl ether of the formula 

R 4 -CH-X-R 2 
I 

3 CH-X-R3 

I 

CH 2 

wherein FU Ri and R* are Independently selected from H, C-Co alkyl. C,-Co mono-, dk or 
^sabrated alkyl. C3-C cydoalkyl or C-C. mono-, dh or polyunsaturated cycloalkyl group and X 
is 0 or -O.CO-. 

1 A conjugate or salt according to claim 1 or daim 2 wherein the conjugate is adapted to be cleaved by a 
is lipase. 

4. A conjugate or salt according to any preceding daim wherein the oligonudeotide moiety is selected 
from 

2d 
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(off th* R-bu«) , 



where B is a deprotected bass. 0 is an integer from about 5 to 30. q and r are integers from about 1 to 
2a provided that r + q is from about 4 to 29. s and t are integers from 0 to about 29. provided that s 
+ t is from about 4 to 29, E is X or ZX, and 0 is selected from the group consisting of (where the bond 
from the ring nitrogens is attached to the sugar moiety of the oligonucleotide): 



0 HN - X - 




21 



la 



25 



EP 0 462 145 B1 

5. a conjugate or salt according to any preceding claim wherein the oligonucleotide moiety' is connected 
through the N8 of an adenine residue or the N4 of a cytcsine resriue. 

6. A conjugate cr salt according to any preceding daim wherein at least one case is a substantially planar 
pyrimidinone base. 

7. A conjugate or salt according to any preceding claim wherein the oligonucleotide «npria» a 
mSZl sequence sufficiently complementary to a pathogenic nud«c acd or « 

thereto and/or representing, or capable of hybridizing to, a cleavage srte spjataHy 
by an enzyme endogenous to a host cell to which the con.ugato m targeted and/or 
representing, or capable of hybridizing to. an mRNA splice ate. 

8. A conjugate or salt according to any preceding claim for use as a medicament 

■is 9. A method for the assay of a nucleic acid having a predetermined nucleotide sequence in a sample 

"TaCo^ing a labelled conjugate according to any of claims 1-7 that has a nucleotide sequence 
capable of hybridizing to the predetermined sequence; 
0» immobilizing the labeled conjugate on a support: 

te Sng lhe sample with the immobilized conjugate under conditions (hat would cause 
of the nucleic acid with the oligonucleotide portion of me conjugate if the nuc.e,c acd 
is present in the sample; and 
(d) detecting the presence of labeled oligomers. 

10 The method of claim 9 which further comprises, after step (c>. the step of contacting the i«™cbillzed 
™Z7s Vrlr conditions of digestion with a restriction endonudease that is capable of deavmg the 
SJS^P^ *. jugate so as to produce .abeled and unlabeled oligomer fragments; 
and wherein In step (d) the oligomers are oligomer fragments. 

A method tor separating an oligonucleotide from a mixture, which method comprises: ...... 

^ providing Sie conjugate of any of daims 1-7 having a nucleotide sequence capable of hyfandung 
to a sequence contained within the oligonucleotide to be separated: 

tb) immobilizing the conjugate on a support; nt 
c contacting L mixture with the immobilized conjugate, under conditions causing hyonduation of 
the oligonucleotide of the mixture with the oBgonudeotide portion of the conjugate; and 
(d) separating the hybridized oligonudeotides. 

12. A method for separating an oligonucleotide from a mixture, which method comprises: 
^rov£* ^ ^jugate according to any of cfcims 1-7 having a nucleotide sequence capote of 
SbSng to a sequence contained within the ongonudeotide to be separated ,n a hydrophobe 
phase; 

(b) providing the mixture in a hydrophilic phase; 

c contacting the phase containing the mixture with the phase contamng tt» con,ugate . under 
SndTonfcausrng hybridization of the o.igonudeotide of the mixture with the ohgonudeotide portion 

Ph«e containing the mixture the hybridized oligonucleotides and transporting 
them to a separate hydrophilic phase. 

13. A liposome comprising the conjugate of any of claims 1-7 and a label moiety. 

the presence or absence of the label. 

15 The method of claim 14 wherein the antibodies bind to the oligonucleotide on the liposome so as to 
' release the label and wherein the amount of the label released Is measured. 
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